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METHOD AND APPARATUS FOR REDUCTION AND RESTORATION 
OF DATA ELEMENTS PERTAINING TO TRANSMITTED DATA 
PACKETS IN A COMMUNICATIONS NETWORK 

FIELD OF THE INVENTION 

The present invention relates generally to a method and apparatus for communications 
systems which transmit data between two or more network elements, for instance data organized 
in the form of transmitted packets such as protocol data units (PDUs) of fixed size, wherein data 
elements pertaining to the transmitted packets are reduced prior to transmission thereof and 
restored thereafter. The invention relates more particularly, but not exclusively, to such a 
method and apparatus as deployed in communications systems which make use of fixed length 
cells in the ATM format. 

BACKGROUND OF THE INVENTION 

Communications networks which employ ATM (asynchronous transfer mode) techniques 
are well known. In general, the data elements travel at high bit rates through a network in the 
form of cells. Each cell has a header field and an information field or payload. The header field 
is used for the multiplexing or routing of the associated cell through different elements of the 
network (for instance terminals, multiplexers, scramblers, switches and the like). The 
information field typically comprises useful data destined for a user of the network to whom the 
cell is addressed. 

The two fields mentioned above have a fixed format. The header field is typically 
comprised of 5 data bytes and the information field is typically comprised of 48 data bytes. 
Among the 5 data bytes of the header field, there can be distinguished two fields used to identify 
multiplexing or routing functions, namely 8 bits for a virtual path identifier (or VPI) and 16 bits 
for a virtual channel identifier (or VCI). 
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In general, transmission techniques or devices which work at relatively high bit rates are 
available for deployment in an ATM network. Such techniques or devices are available 
especially for transmission between intermediate nodes within a given network, In contrast, at 
the edges or boundaries of a backbone network, problems are often encountered in ensuring data 
distribution on to end users at sufficiently acceptable bit rates. Indeed, the link between the 
backbone network and a final subscriber is often provided by a telephone line, such that it may 
be difficult to achieve bit rates of the order of several Mbits/s. 

For end links of the kind discussed above which connect to a backbone network, it is 
possible to utilize DSL modulation, or a derivative modulation such as ADSL, HDSL, SDSL or 
the like* in order to provide for communications at rates of up to several Mbits/s. However, this 
may be insufficient for supporting some types of services. It must be noted that apart from the 
main portion of the bandwidth that is used to convey useful information from the information 
field or payload of cells, an additional portion of the bandwidth is used to convey the header field 
of cells, Furthermore, an additional part of the bandwidth must also be reserved for network 
administration or management functions, For instance, such functions may pertain to the 
management of the various network elements or devices to which cells are addressed. 

Therefore, based on the foregoing, another approach to the optimization of bandwidth 
would be desirable. McTiffln has proposed a solution to this problem in a special case of RF 
transmission between an ATM network and a subscriber, This known technique, for instance as 
described in the US patent No. 5,406,550, proposes the elimination of the VPI and VCI 
identification fields and the use of a radio coding that identifies the addressee. However, this 
approach may have several drawbacks. First of all, an approach of this kind is intended for radio 
link transmissions in which the transmitted signals bear an identification of the addressee by way 
of radio coding. This identification is not readily adaptable to the case of wire links. Adding an 
information element to a wire link according to the teachings of McTifFm would require an 
increase in the processing capacity of network terminal equipment, such as a network 
termination unit (NTU), However, an increase in processing capacity of this kind would be 
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unnecessary since in the case of a wire link, there is typically only one link between the NTU 
and the backbone network, 

Moreover, the McTiffin technique is better suited to CDMA (Coded Division Multiple 
Access) or TDMA (Time Division Multiple Access) techniques which make use of cell 
subdivision to encapsulate an integer number of ATM cells within a radio frame. An 
encapsulation of this kind requires additional bandwidth for the introduction of intervals of 
silence between two cells intended for one and the same addressee, The approach according to 
McTiffin is therefore compatible solely with radio transmission systems that delineate cells in 
10 order to separate them and therefore requires techniques or equipment that are specifically 
adapted for executing this approach. Lastly, this known approach is not compatible with the 
transmission of a continuous flow of cells, since their synchronization is provided by the 
transmission network. 

It is therefore generally an object of the present invention to attempt to overcome or 
alleviate the various drawbacks of the prior art which were previously mentioned. More 
specifically, it is one of the objects of the present invention to attempt to provide a method for 
the transmission of data elements organized into cells (for example ATM type cells) that can be 
used to derive a bandwidth gain on a portion of the transmission, for instance at the ends of a 
20 transmission network, An additional object of the invention is to attempt to provide a method of 
this kind which may make it possible to provide additional services beyond that of the simple 
transmission of cells, for instance based on a standard telephone type terminal link. Examples of 
these additional services include those relating to leased lines, Frame Relay transmission, 
Internet services and other services that will be apparent to those skilled in this art. 

It is another object of the invention to attempt to provide a method of the kind described 
above that is independent of the transmission system implemented at the level of the subscriber. 
In particular, an object of the invention is to seek to provide a method of this kind that could be 
adapted to any type of appropriate network (RF, wire, or the like). 

30 
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It is a further object of the invention to seek to provide a method of the kind described 
above that can be used to simplify the administration of the network or at least not render it more 
complex. It is also an object of the invention to attempt to provide a communications system as 
well as a network termination unit or other apparatus for use with such a system, all of which 
implement a method along the lines previously described. 

These objects as well as others shall become apparent from the detailed description of the 
present invention which follows. 

10 

SUMMARY OF THE INVENTION 

According to a first broad aspect of the present invention, there is provided a method for 
transmission of a stream of data between two communications devices of a transmission system, 
the data being segmented into packets prior to transmission thereof, each of the packets 
comprising a header of a given size and a payload, the method comprising the steps of: (a) at a 
first of the two communications devices, reducing the given size of a selected number of said 
headers prior to said transmission of packets by eliminating a predetermined data element 
therefrom to thereby respectively form reduced headers; (b) transmitting each of said reduced 
20 headers from said first of the two communications devices to a second of the two 

communications devices; and (c) at said second of the two communications devices, restoring the 
given size of the selected number of said headers when each of said reduced headers so 
transmitted has been received by said second of the two communications devices by 
reconstituting each said predetermined data element. 

According to a second broad aspect of the present invention, there is provided a signal 
representing a stream of data for transmission between two communications devices of a 
transmission system, the data being segmented into packets prior to transmission thereof, each of 
the packets comprising an originating header of a given size and a payload, the improvement 
30 characterized by a selected number of the packets comprising a transmission header of a reduced 
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size when compared to the given size of the originating header, the reduced size being obtained 
by eliminating a predetermined data element from the originating header prior to transmission of 
the packets, and wherein the given size is restored to the transmission header by reconstituting 
each said predetermined data element following transmission of the packets. 

According to a third broad aspect of the present invention, there is provided an apparatus 
for transmission of a stream of data to a communications device of a transmission system, the 
data being segmented into packets prior to transmission thereof, each of the packets comprising a 
header of a given size and a payload, the apparatus comprising a processor which reduces the 
10 given size of a selected number of said headers prior to said transmission of packets by 
eliminating a predetermined data element therefrom to thereby respectively form reduced 
headers, and wherein the given size is restored to the reduced headers when same are received by 
the communications device by reconstituting each said data element. 

According to a fourth broad aspect of the present invention, there is provided an 
apparatus for reception of a stream of data transmitted by a communications device of a 
transmission system, the data being segmented into packets prior to transmission thereof, each of 
the packets comprising a header of a given size and a payload, the given size of a selected 
number of said headers having been reduced by the communications device prior to said 
20 transmission of packets by eliminating a predetermined data element therefrom to thereby form 
reduced headers, the apparatus comprising a processor which restores the given size of the 
selected number of said headers when each of said reduced headers so transmitted has been 
received by the apparatus by reconstituting each said predetermined data element. 

With reference to illustrative embodiments of the invention, there is provided a method 
for the transmission of data organized in cells between two communications devices of a 
transmission system, each of the cells comprising a header in the form of a complete header and 
a payload, the method comprising a step for the reduction of the size of each of at least certain of 
said headers to form headers that are reduced by the elimination of predetermined data elements 



in said complete headers, at least some of said devices comprising means for the rebuilding of 
said complete headers from said reduced headers. 

Thus, the invention relies on an approach which operates at the level of the transmission 
or reception of cells. Indeed, instead of proposing the use of more efficient means for the higher- 
speed transmission of fixed size cells, it is proposed to implement means for the reduction or 
compression of cells within the communications device for the transmission of cells and, 
furthermore, means for the decompression or reconstruction of the compressed cells within the 
communications device for the reception of the ceils. It is thus not necessary to increase the 
required bandwidth associated with a network or its constituent network elements. 

The illustrative embodiments of the invention therefore rely on the compacting of certain 
header fields of the transmitted cells by an elimination of data elements which are unused on the 
particular transmission zone or portion being traversed, It is therefore possible to increase the 
number of cells, and therefore the number of useful data elements, at a constant bit rate in the 
transmission network. In other words, the exploitable bandwidth within the communications 
devices, for instance those located outside the boundary of a given network domain, is increased. 

It will be noted that the method according to illustrative embodiments of the invention for 
the transmission of data elements organized in cells is not obligatorily symmetrical or 
bidirectional. Thus, the method of the present invention can be implemented in only one 
direction of transmission, if desired. Advantageously, said step for the reduction of the size of 
the headers may be implemented on an end line supplying a network termination unit, However, 
if necessary, other transmission zones of the network domain may implement this technique. 

According to another illustrative embodiment of the invention, said reduced header 
comprises a reduced Virtual Path Identifier (VPI) encoded on 4 bits corresponding to the 4 least 
significant bits of the complete Virtual Path Identifier and a reduced Virtual Channel Identifier 
(VCI) encoded on 8 bits corresponding to the 8 least significant bits of the complete Virtual 
Channel Identifier, said devices rebuilding said complete identifiers (VPI and VCI) by the 
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insertion of 4 to 8 zeros, respectively, to form the most significant bits. Thus, a reduction of 12 
bits is obtained on the size of each cell by implementing the foregoing technique. 

Advantageously, the Generic Flow Control (or GFC) field may also be eliminated from 
said reduced header, said devices rebuilding the Generic Flow Control field by the insertion of 4 
zeros. 

According to a further embodiment of the invention, said reduced header and said 
complete header may comprise an error detection and correction field, known in the ATM 
10 protocol as a Header Error Check (HBC) field, for instance encoded on 8 bits, with an associated 
header error control algorithm that relates only to the bits forming said reduced header. 
According to an advantageous variant of this or other embodiments of the present invention, said 
reduced header may comprise a reduced Header Error Check field, for instance of less than 8 
bits, with an associated header error control algorithm that relates only to the bits that form said 
reduced header. Said reduced header error control field may comprise for example 5 bits and 
may be computed by means of a Hamming code known to those in this art. 

If so desired, said reduction step may be implemented systematically in relation to two 
predetermined network devices on all cells transmitted therebetween. The predetermined 
20 devices in particular may be, first, a network device placed at the beginning of a line of a 
transmission system and second, a network device placed at the end of this line of the 
transmission system. 

Optionally, a first of said network devices may determine the implementation of said 
reduction step and/or the corresponding conditions of its implementation, whether during the 
setting up of a link or during cell transmission or during both activities. The second of said 
network devices will then adopt this determination made by the first of said devices. 
Advantageously, said conditions of implementation may include the selection and the size of at 
least one field of said reduced header. Likewise, the implementation of said reduction step 
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and/or the conditions of its implementation may be negotiated between said network devices 
during transmission, as the case may be. 

Advantageously, the method of the present invention described above may also comprise 
a step of synchronization in each of said network devices, which step consists of searching for 
the beginning of complete cells or reduced cells, as the case may be. This synchronization step 
may facilitate or enable the determination by said first device of whether to implement the 
reduction step mentioned previously and if so, the conditions of such implementation. In other 
words, the synchronization step can be utilized to enable an intermediate communications device 
and/or receiver of the transmitted cells to determine the choice or choices of the reduction format 
or formats which were made on the reduced cells by the communications device that is the 
sender of such cells. 

An illustrative embodiment of the invention also relates to the reduced cells as such, 
created according to the method described hereabove. These cells each comprise a header and a 
payload, wherein said header comprises a reduced number of data elements, with certain of the 
data elements of said header being eliminated. The said cell is transmitted between two 
communications devices of a transmission system wherein the two devices do not use the 
eliminated data elements, these devices comprising means for the rebuilding of said eliminated 
data elements. 

An illustrative embodiment of the invention also relates to a communications system 
implementing the above-described method in which at least two of said devices exchange at least 
certain cells including a reduced header. The reduced header is obtained by the elimination of 
data elements from said complete header and which are not used between said devices. The 
devices comprise means for the rebuilding of said complete header, on the basis of said reduced 
header. 

Other embodiments of the present invention also relate to network equipment such as a 
network termination unit implemented in the above-described system and comprising means for 



the reduction of the size of a complete header to form a reduced header and means for the 
rebuilding of a complete header from a reduced header. 

BRIEF DESCRIPTION OF THE DRAWINGS 

By way of illustration and not of limitation, other features and advantages of the 
invention will become apparent from the following detailed description of illustrative 
embodiments of the invention given with reference to the appended drawings, in which: 

FIGURE l is a simplified flow chart of a particular mode of implementing a method for 
the transmission of data elements organized in cells according to the present invention; 

FIGURE 2 is a simplified diagram of a particular embodiment of a reduced cell obtained 
by the implementation of the method of Figure 1 in comparison with a complete cell of the prior 
art; 

FIGURE 3 is a simplified diagram of a particular embodiment of a network forming part 
of a transmission system capable of implementing the method of Figure 1; and 

FIGURE 4 is a simplified diagram of protocol model showing two protocol stacks for 
adopting the method of Figure 1. 

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION 

The present invention therefore relates to a method for the transmission of data elements 
organized in packets or cells, which method may enable transmission under efficient conditions 
even when the bit rate is limited, for instance outside of the boundary of a network domain. 
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Hereinafter in the present description, we shall consider as an example a network of a 
data transmission system organized in cells according to the Asynchronous Transfer Mode 
(ATM) protocol. Conventionally, a cell in ATM comprises a header used to designate the 
address of its addressee and a data zone or payload conveying the useful data intended for the 
receiver of the cell. According to the invention, the method comprises a step to reduce the size 
of at least some of the headers between two communications devices of the transmission system 
to form reduced headers by the elimination of predetermined data elements in the complete 
headers, at least one of the devices comprising means for the rebuilding of the complete headers 
on the basis of the reduced headers. 



Referring to the flowchart of Figure 1, a particular mode of implementation of the 
method according to the invention for the transmission of data organized in cells will next be 
presented. This particular embodiment relates to the transmission of ATM cells between an 
ATM network and a user terminal having a conventional transmission line therebetween. As 
already indicated, the method of the invention can be implemented selectively in only one 
direction of transmission, if so desired. The flowchart of Figure 1 shows these two directions of 
transmission independently. 

In the direction going outbound from the ATM network 1 1 to the terminal 12, when a cell 
that has to be delivered to the terminal 12 is received at block 13 of the flowchart, its header is 
reduced at 14. This operation relies on the elimination, from the header of the cell, of 
information elements that are not ordinarily used for the transmission between the network and 
the terminal. Thus, the size of the headers, and therefore that of the cells, is reduced. At a 
constant bit rate, then, it therefore becomes possible to transmit a greater number of reduced cells 
in a given interval of time. 



In other words, the method of the invention creates available bandwidth for other cells. 
This freeing of bandwidth is valuable especially for those lines which provide access to networks 
of transmission systems and which operate at relatively low cell transmission speeds, i.e. speeds 
of the order of several kbits/s to about several Mbits/s. Indeed, a bandwidth gain (conventionally 
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expressed in terms of a bit rate, namely in terms of a number of cells(s) per unit of time), even of 
the order of a small percentage increase, may be desirable in order to gain access to useful 
additional data. This access to additional data enables a more efficient exploitation of the 
functions available at the end user site. The end user may thus have additional sendees made 
available* while utilizing very much the same installed rated equipment and lines. 

Advantageously, according to the invention, the computation of detection data and/or 
Header Error Check (HEC) data is done as at IS on the data elements of the reduced header, The 
corresponding HEC field may also be reduced accordingly. Pursuant to another embodiment, the 
10 HEC field is kept at its initial size and in this way it enables a more efficient correction of errors 
because it is computed for a reduced overall number of header bits. 

The reduced cell is then transmitted as at 16 from the end of the ATM network 1 1 to the 
terminal 12. A verification of the Header Error Check (HEC) field is done as at 17 on the basis 
of the HEC computed at step 15. In the network termination unit (NTU), the complete cell is 
rebuilt as at 18 by recreating therein the data elements that were previously eliminated. 
However, this step is not obligatory in this particular example since the cell has reached its 
destination. Finally, the Header Error Check (HEC) field associated with the complete cell is 
computed as at 19, and the data elements obtained in the terminal 12 are delivered, 

20 

In the other inbound direction of transmission, namely from the terminal 12 to the ATM 
network 1 1, a cell with a reduced header is directly assembled as at 1 1 1 from the data elements 
which are received at 1 10 for transmission. Header Error Check (HEC) data elements are 
computed as at 1 12 on this reduced header. Next, the reduced cell is transmitted as at 1 13 to the 
desired end location within the ATM network. In the network device of the corresponding ATM 
network, a verification of the Header Error Check (HEC) field is done as at 1 14 on the basis of 
the HEC data elements computed in step 112. Then, the complete cell is rebuilt as at 1 1 5 by the 
reinsertion therein of the data elements previously eliminated from the header. With the cell 
having thus been rebuilt, the new Header Error Check (HEC) field associated with the complete 
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cell is computed as at 1 16. Lastly, the complete cell is then transmitted (117) in the conventional 
way on the ATM network 1 1. 

Referring to Figure 2, an exemplary cell that is reduced according to the invention is 
presented in comparison with a complete cell according to the prior art. Conventionally, a 
complete cell 21 as found in the prior art comprises a header field 22 having 5 data bytes or 
octets pertaining to the network address of the addressee of the cell 21 and an information field 
or payload 23 comprising 48 bytes of useful data elements in the form of user data, signalling 
data or maintenance information. More specifically, the header field 22 typically comprises: 

(i) a (generic Fl<?w Cpnfrpl (QFQ field 221 sn ppcfed on 4 frifo This field 221 has 
local significance only, and is used to carry out local functions on the user site, 
For instance, the GFC field may allow a multiplexer to control the rate of an ATM 
terminal; 

(ii) twoj^idisss^ and 223 which enable routing . The address field 222 is a 
complete Virtual Path Identifier (or VPI) field encoded on 8 bits, of which the 
number of useful bits may be predetermined by a network which forms part of a 
working transmission system and by a user of the network. The address field 223 
is a complete Virtual Channel Identifier (or VCI) field encoded on 16 bits, of 
which the number of bits to be used may also be predetermined by a network 
which forms part of a working transmission system and by a user thereof; 

(iii) a Pavload Tv oe orPT field 224 encoded on 3 bits . This field 224 indicates 
whether the complete cell 21 comprises a piece of user information or information 
relating to the connection associated layer management; 

(iv) j^CeUXoss Priority fCLP^ field 225 coded on 1 bit . This field 225 indicates the 
loss priority of an individual cell, and therefore makes it possible to discern 
whether the corresponding cell 21 can be discarded in the event there is a 
congestion within the ATM network; and 

(v) a Header Error Check (HEC) field 226 coded cm 8 bits This field is used by the 
Transmission Convergence (TC) sublayer of the Physical (PHY) layer according 
to the B-ISDN protocol model of ITU-T Recommendation 1.321, well-known to 
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those skilled in this art. The HEC field is implemented for the detection and 
correction of errors in the header field of the cell 21. This field 226 is used to 
perform a correction on a single-bit error and to detect multi-bit errors. 

A reduced cell 24, obtained by the implementation of the method described hereabove, 
comprises for example a reduced header field 25 containing only 3 bytes and a information field 
or payload 26 that is unmodified compared to the prior art complete cell 21 (and therefore 
comprises 48 useful data bytes). 

10 Unlike the complete header field 22, the reduced header field 25 does not include the 

Generic Flow Control (GFC) field, if so desired. The communications devices themselves 
rebuild or recreate the Generic Flow Control field by inserting a series of 4 consecutive zeros at 
the appropriate locations. 

The reduced header field 25 may comprise the following fields: 
(i) two fields to identify the destination: 

(a) ajceduced Virtual Path Identi fier (VPD field 251 encoded on 4 bits . These 
4 bits correspond to the 4 least significant bits of the complete virtual path 
identifier field 222. In other words, the 4 most significant bits of the 

SO complete Virtual Path Identifier field 22 are eliminated; 

(b) a reduced Virtual Channel Identifier (VCD field 252 encoded an 8 hits. 
These 8 bits correspond to the 8 least significant bits of the complete 
Virtual Channel Identifier field 223, In other words, the 8 most significant 
bits of the complete Virtual Channel Identifier 223 are eliminated. 

At the reception of the reduced Virtual Path Identifier field 251 and the reduced Virtual 
Channel Identifier field 252, the communication devices that shall be described in detail 
further below rebuild the complete Virtual Path Identifier field 222 and the complete 
Virtual Channel Identifier field 223 by inserting 4 and 8 zeros, respectively, as most 
significant bits. 
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(ii) a Pavload Type (PT) field 253 encoded on 3 bits (identical to the field 224 
mentioned hereaboveV Optionally, the Payload Type field 253 may be encoded 
on 2 bits. An additional data element is therefore eliminated. In this case, the 
communication devices rebuild the eliminated data element by the insertion of a 
zero as a most significant bit, Example I below presents a particular mode of 
encoding a set of possible values for the Payload Type field 253 and their 
corresponding meaning; 

(iii) aX^UXosftJEt^ (identical to the above- 
mentioned field 225). Optionally, the Cell Loss Priority field 254 may be 
eliminated; 

(iv) a Header Error Check (HEP field 255 located in the header field 25 encoded on 8 
bits (identical to the above-mentioned field 226V The header error control 
algorithm used relates only to the bits forming the reduced header field 25. 
According to an advantageous alternative embodiment, the header error control 
field 255 may have a smaller size, for instance of less than 8 bits, with the header 
error control algorithm used relating only to the bits that form the reduced header 
field 25. 

The exemplary reduced cell 25 that has just been described has an integer number of 
bytes. However, a reduced cell may also present a number of information bits included in the 
header field 25 such that it does not correspond to an integer multiple of bytes while remaining 
within the framework of the present invention. 

A detailed description is next given of the Header Error Check field 255, The sequence 
of the Header Error Check field 255 is generated by dividing the information field 251 to 254 of 
the header 25 by a generator polynomial (H(x)). The generator polynomial chosen may be 
capable of detecting multiple-bit errors and of correcting errors on a single bit. The Header Eiror 
Check field 255 may also be used for cell delineation, namely to determine the beginning of a 
new cell corresponding to that of a new header field 25, 
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For example, the following is a generator polynomial associated with the reduced cell 24 
corresponding to a Header Error Check field encoded on 8 bits that is sufficient for the correction 
of a single error: 

l+x+x 2 +x 8 (1) 

As explained below, the generator polynomial may correspond at least partly to Hamming codes 
generated in order to correct the transmission of an error on a single bit. 

According to an alternative mode of implementation, it is possible to envisage an 
improved error correction in the header field 225 while maintaining the size of the Header Error 
Check field 255. The codes used for the correction of only one error comply with the following 
Hamming Rule: 

2 r -r = m+ 1 (2) 

where: r is the degree of the generator polynomial and also the number of bits of the 

header error control field 255; and 

m is the number of information bits in the header field 25. 
Example n below sets out a first table which defines a typical correspondence between the size 
of the Header Error Check field 255 and that of the reduced header field 25 according to the 
Hamming Rule. Example II also provides a second table which presents a family of Hamming 
codes related to the degree of a particular generator polynomial In Example m below, 
alternative generator polynomials are presented. 

Hereinafter, an example is given of a reduced Header Error Check field 255 for a ceil 24 
comprising a reduced header field 25 with the following format: 

(i) a reduced Virtual Path Identifier field 25 1 encoded on 2 bits; 

(ii) a reduced Virtual Channel Identifier field 252 encoded on 4 bits; 

(iii) a Payload Type (PT) field 253 encoded on 3 bits; 

(iv) a Cell Loss Priority (CLP) field 254 encoded on 1 bit, 
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The number of information bits of the reduced header field 25 in the foregoing example 
therefore amounts to 10 in total. This corresponds in the table of Example in to a Header Error 
Check field 255 of 5 bits. According to the table of Example HI, the following is the generator 
polynomial of the Header Error Check field 255 computed by means of the Hamming code: 

l+x^+x 5 (3) 

This code has a Hamming distance of 4 which means that it is capable of correcting errors of 
only one bit, In this case, the reduced header 25 comprises 1 5 bits. It will be noted that this 
10 example of a reduced header does not have a number of bits that is an integer multiple of bytes. 
To overcome this problem, it is possible if necessary to use a sixth degree generator polynomial 
to obtain, for example, a reduced header field 25 encoded on 16 bits. 

The header field 25 therefore comprises a reduced number of data elements since some of 
the data elements of the complete header field 22 have been eliminated. The gain in cell space 
which is obtained according to the technique described above corresponds to a bandwidth gain 
that can be expressed according to the following formula: 

Gb=100-(/ R *100)/(/ c ) (4) 

20 

where: Gb is the bandwidth gain; 

/r is the length of the reduced cell 24 in bits; and 
/c is the length of the complete cell 21 in bits. 

In the example described with reference to Figure 2, the bandwidth gain amounts to 
3.77% according to the foregoing formula (4). On the other hand, with an exemplary reduced 
cell having the following format: 

(i) a Virtual Path Identifier (VPI) field encoded on 2 bits; 

(ii) a Virtual Channel Mentifer (VCI) field encoded on 4 bits; 
30 (&) a Payload Type (PT) field encoded on 3 bits; 
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(iv) a Cell Loss Priority (CLP) field encoded on 1 bit; 

(v) a Header Error Check (HEC) field encoded on 5 bits; 

(vi) a payload field encoded on 48 bytes; 

a bandwidth gain of 5.89% may be obtained according to formula (4) set out above. 

The reduced cell 24 is transmitted between two communications devices of a 
transmission system, namely a sender communications device and a receiver communications 
device. As shall be seen herebelow, these communications devices comprise means for the 
rebuilding of the eliminated data elements, for instance by inserting zeros at the locations 
affected by the elimination of data elements. 

With reference to the simplified drawing of Figure 3, a particular embodiment of a 
network forming pan of a communications system 30 for the transmission of reduced cells 
according to the invention is next presented. In a standard way, an ATM network 3 1 is 
connected to an end transmission network 32 with which it exchanges data elements organized in 
the form of complete cells according to a fixed bit rate, for example of the order of several 
Mbits/s. The end transmission network 32 may be of the wire type implementing an SDSL 
technique. It will be noted, however, that the method of the invention is compatible with any 
type of transmission network. In particular, it may relate to DSL, ADSL, HDSL or other types 
of transmission networks. 

The end transmission network 32 comprises a plurality of switching means, such as 
switch 321 or an ATM access MUX, which manage a plurality of transmission systems ending in 
user interfaces. With a view to simplification, only one transmission system comprising the 
transmission network 32, a network termination unit 33 and a user interface 34 has been shown 
in Figure 3. The step of reducing the size of the cell headers as described above in relation to the 
method of the present invention is implemented on an end line network or ATM access line 35 
that feeds the network termination unit 33, 
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The switch 321 manages signals transmitted in the outbound direction, namely from the 
end transmission network 32 to the user interface 34 and also signals received in the inbound 
direction, namely from the user interface 34 to the end transmission network 32. In general, the 
direction of the signals exchanged is symbolized in Figure 3 by an arrow pointing in the direction 
taken by the signals on the transmission system. The user interface 34 may, for example, be a 
device compatible with the Asynchronous Transfer Mode (ATM) protocol, an interface not 
compatible with the ATM protocol such as a Frame Relay interface, a circuit interface (Tl, El, 
V35, and the like) or an Ethernet interface using ATM adaptation layers on top of lower order 
ATM protocol layers. 

A description will first be given of the means implemented in the outbound direction 
within the transmission system 30. The ATM network 3 1 delivers complete cells according to 
the prior art to the switch 321. On the associated end transmission system, the switch 321 routes 
the complete cells that it receives as a function of the address contained in the header field of the 
complete cells. According to an alternative embodiment, and as alluded to above, the switch 321 
may be replaced by a multiplexing device which selects a given transmission system from among 
several transmission systems as a function of the address contained in the header field of the 
complete cells that it receives. 

The switch 321 delivers the complete cells to a cell processor 322 that includes means 
322a for the reduction of the size of at least certain complete headers of the complete cells. 
These reduction means 322a eliminate the unused data elements of at least one field included in 
the complete header field of certain complete cells received so as to form reduced headers in 
order to build reduced cells. 

Advantageously, when a link is set up and/or during transmission, the cell processor 322 
may be provisioned to detennine the implementation or frequency of the reduction step (i.e. 
whether or not to reduce a given cell) and/or the corresponding conditions of such 
implementation (U selection of the data fields to be reduced or eliminated, and determining the 
resulting size of the selected data field in the case the field is not entirely eliminated). This 
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makes it possible to manage the resulting bandwidth gains more efficiently as a function of the 
available needs and resources of the communications network. The conditions of 
implementation of the reduction step may comprise, for example, the size of the different fields 
that are to be retained in the header field of the reduced cells. 

According to an alternative embodiment, the implementation of the reduction step, its 
frequency of implementation with respect to received calls and/or the conditions associated with 
implementation of the reduction step may be negotiated or otherwise determined by the cell 
processor 322 and the network termination unit 33 during cell transmission. An implementation 
of this kind may be executed for instance in software by a modification of the logic associated 
with the cell processor 322 and the network termination unit 33. Consideration may also be 
given to making use of higher layers in the ATM protocol in order to provide the necessary 
intelligence for such an implementation, Such negotiation may, for instance, take the form of a 
handshake between the two devices at the management layer level To communicate the 
handshake, a dedicated ATM cell may be used or network management may be resorted to. A 
scheme of negotiation would make it possible to adapt the enablement of cell header reduction or 
the extent to which it takes place to the performance characteristics of the corresponding network 
termination unit 33 and to take account of its state of congestion in terms of exchanged cells. 

According to an alternative embodiment, the step of reducing the size of the headers is 
implemented systematically on all cells transmitted between the cell processing means 322 of the 
transmission network 32 and the network termination unit 33. 

The reduction means 322a provides the network termination unit 33 with a stream of 
reduced cells or a stream comprised of both reduced cells and complete cells. The network 
termination unit 33 comprises: 

(0 a^mfifaonization means 33a that seeks the beginning of the complete cells and/or 
reduced cells. This synchronization means 33a makes it possible for instance to 
discern the actions taken on any given transmitted cell by the cell processor 322; 
and 
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(ii) a means 33b for the rebuilding or reconstruction of the reduced cell headers into 
complete headers . This reconstruction is accomplished by inserting zeros at the 
places of the eliminated data elements within reduced header fields of the affected 
cells and by recomputing the Header Error Check (HEC) field 226 associated with 
a reconstructed complete header field. 

Optionally, it is possible to provide for additional means of bit synchronization. These 
bit synchronization means would make it possible to locate a particular data field within a header 
element, This may make it possible in particular to locate the places where the elimination of 
10 data elements has been done beforehand, and to perform a filling of data elements in order to 
rebuild the complete cells. 

The means 33b for the rebuilding of the headers delivers complete cells to the user 
interface 34. This user interface 34 may therefore receive a greater number of useful data 
elements than would be the case if it received only complete cells. This would enable it to 
implement, for example simultaneously, additional services such as one or more leased line 
services, one or more Frame Relay services and/or one or more services related to the Internet, 

It will be noted that any equipment or devices implemented outbound from the 
20 communications device 33 require no modification to be able to process the reduced cells, since 
the receiver communications equipment 33 of the reduced cells is fitted out with means for the 
rebuilding of the complete headers providing for the reconversion of reduced cells into complete 
cells. 

A description is next given of the means implemented in the inbound direction within the 
transmission system 30. It will be assumed here that the user interface 34 can send data elements 
organized in the form of complete cells to the data transmission network 32. To do so, on an end 
line, the user interface 34 supplies complete cells to the network termination unit 33. According 
to another embodiment of the present invention, the user inter&ce 34 may be provisioned to 
3 0 supply reduced cells directly. 
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The network tennination unit 33 comprises means 33c for the reduction of the size of at 
least certain of the complete headers which arc received by the network termination unit 33. 
These reduction means 33c eliminate the unused data elements, for example under the same 
conditions as those implemented in the outbound direction, namely within the header field of the 
complete cells, so as to form reduced headers and thus supply reduced cells to the rest of the 
network. The reduction means 33c delivers reduced cells to the cell processing means 322 of the 
transmission network 32. 

Advantageously, in the inbound direction the cell processor 322 comprises; 
(i) a synchronization means 322b. During the origination of a transmission and/or 
during the course of transmission, the synchronization means 322b identifies the 
beginning of each received cell, thereby enabling the synchronization means 322b 
to determine the actions which were taken by the network termination unit 33, if 
any, in its implementation of the step for reducing the size of the cell headers; 
00 a means 322c for the rebu ilding of the complete headers This means 322c for the 
rebuilding of the complete headers reconstructs complete cells from the reduced 
headers of the reduced cells by inserting zeros at appropriate places in the header, 
and also recomputes the Header Error Check (HEC) field associated with the 
reconstructed complete header field. 
The rebuilding means 322c delivers complete cells to the switch 32 L This switch, depending on 
the addresses that are included in the header field of the complete cells, feeds the appropriate 
transmission system or associated port. 

With reference to the simplified protocol stack diagrams of Figure 4, a particular 
embodiment of a protocol model for adopting the method according to the invention for the 
transmission of data organized as cells is next presented. For purposes of illustration, it will be 
assumed that the invention implements a transmission network 4 1 operating at a relatively low 
bit rate of the order of several Mbits/s. 
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Conventionally 9 within the end transmission network 32, a protocol stack may provide for 
numerous functions 42. These functions 42 generally comprise, identically for the outbound 
direction 43 and inbound direction 44: 

(i) a known ATM presentation layer 423 (defining for instance the exchanged 
information); 

(ii) a known ATM application layer 424 (defining for instance the mechanisms 
common to the applications and the meaning attributed to the data being 
exchanged). Mechanisms defined in this layer may include multiplexing and 
ATM cell switching, to name but some examples. 

10 These functions 423, 424 are known to those skilled in this art and shall not be described in 
greater detail. 

The protocol stack 42 also comprises a known Physical Medium (PM) sub-layer 421 that 
carries out functions in relation to the physical transmission medium (namely on the transmission 
network 41 and end line network 35). This function 421 is also known to those skilled in the art 
and shall therefore not be described in additional detail. The protocol stack 42 comprises a 
second physical sub-layer which is a reduced cell transmission convergence (RCTC) sublayer 
422 that is integrated between the known PM sub-layer 421 and the known ATM layer 423, 
According to the invention, this second physical sub-layer 422 enables the conversion of the 
20 flow of complete cells reaching the known ATM layer 423 into a flow of reduced cells that can 
be transmitted to the known PM sub-layer 421 . This corresponds to the steps 13, 14 and 1 5 of 
Figure 1 . Likewise, the second physical sub-layer 422 enables the conversion of the flow of 
reduced cells received by the known PM sub-layer 421 into a flow of complete cells transmitted 
to the known ATM layer 423. This corresponds to steps 11 4, 115 and 116 of Figure 1. 

Furthermore, it will be noted that the reduced cell transmission convergence (RCTC) 
physical sub-layer 422 makes use the same techniques as a standard transmission convergence 
(TC) physical sub-layer defined by the existing ATM protocols as known to those skilled in the 
art (this existing TC sub-layer being located between the known ATM sub-layer and the known 
30 physical medium (PM) sub-layer), 
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Conventionally, within the end line network 35, a protocol stack 45 may be implemented. 
The protocol stack 45 provides functions which may generally comprise, in a symmetrical way 
for both the outbound direction 46 and the inbound direction 47: 

(i) a known ATM presentation layer 453 (defining for instance the information 
exchanged); 

(ii) a known ATM adaptation layer (AAL) 454; 

(iii) an application layer 455 (defining the mechanisms common to the applications 
and the meaning of the exchanged data) in support of applications which are 

10 associated with the user interface 34 of the transmission network. 

These functions 453, 454, 455 are known to those skilled in this art and shall not be described in 
greater detail 



Again in a conventional way, the protocol stack 45 comprises a known Physical Medium 
(PM) sub-layer 45 1 that fulfills functions relating to the physical transmission medium. This 
function 451 is also known to those skilled in the art and shall therefore not be described in 
further detail. The protocol stack 45 comprises a reduced cell transmission convergence (RCTC) 
physical sub-layer 452 that is integrated between the known PM sub-layer 451 and the ATM 
presentation layer 453. According to the invention this RCTC physical sub-layer enables the 
20 conversion of the flow of complete cells reaching the known ATM presentation layer 453 into a 
flow of reduced cells that can be transmitted to the known PM sub-layer 451. This corresponds 
to steps 1 1 1, 1 12 and 1 13 of Figure 1, Likewise, the RCTC physical sub-layer enables the 
conversion of reduced cells received by the known PM sub-layer 451 into a flow of complete 
cells that can be transmitted to the known ATM presentation layer 453. This corresponds to 
steps 17, 18 and 19 of Figure 1. It will be noted that this reduced cell transmission convergence 
RCTC physical sub-layer 422 also utilizes the same techniques as a conventional transmission 
convergence (TC) physical sub-layer defined by the ATM standards as known to those versed in 
this art, 



20(367419.1 



-24- 



It should be noted that no modification of the application layer 455 or of the ATM cell 
adaptation layer 454 or of the ATM presentation layer 453 need be done to implement the 
teachings of the present invention. This should enable the relatively easy adoption of the method 
of the invention to a network device, such as the network termination unit previously described. 

Those skilled in this art will appreciate that various modifications of detail may be made 
to the present invention, all of which would come within its spirit and scope. 
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EXAMPLE I 



Particular Mode of Implementing the Encoding of the Reduced Cell 
Pfrylffad Tym (fj) field 2flfr 

The table herebelow illustrates a particular mode of implementation for possible codes of 
the Payload Type (PT) field 253 of a reduced header 25 and the associated meaning which may 
be assigned to each of these codes. 



CODING OF PAYLOAD TYPE FIELD 253 
(the most significant bit being placed first) 


MEANING 


00 


User Data Cell, 

Service Data Unit type = 0 


01 


User Data Cell 

Service Data Unit type » 1 


10 


Cell relating to Operation, Administration, 
Maintenance (OAM) F5 flow - segment 
associated cell 


11 


Cell relating to Operation, Administration, 
Maintenance (OAM) F5 flow - end-to-end 
associated cell 
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EXAMPLE II 



which Meet the Hamming Rule 



A table is presented herebelow that maps various header sizes to a given maximum size 
of the header information field and an associated size for the HEC field 255 according to the 
Hamming Rule. 



Maximum bit size of the header 
information field (corresponding 
to "m" in the Hamming Rule) 


1 


4 


11 


26 


57 


120 


Header Error Cheek (HEC) field 
255 enabling the protection of 
the information field whose size 
is smaller than or equal to m, 
corresponding to "r" in the 
Hamming Rule 


2 


3 


4 


5 


6 


7 


Maximum bit size of the header 
corresponding to M m"+V as 
I these variables are defined above 


3 


7 


15 


31 


63 


127 



It will be noted that the number of information bits of the header field may not 
correspond identically with a given combination along die lines of the above associated values, 
In other words, for a given header field size, a non-integer value of "f may be produced by the 
Hamming Rule. In such cases, it is necessary to choose a number of bits for the header control 
field 255 (designated by V in the Hamming Rule), that is the next integer value immediately 
greater than the non-integer value "r" that would comply with the Hamming Rule. 
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The following table shows a family of Hamming codes corresponding to the degree of 
generator polynomials ranging from 3 to 7. 



Decrree frt the Oenerator Pr»1vnnmia1 


VJvii viator x^oiynuxniai n^xy 


3 


i j. x j. v 3 


4 


1 -L. v J. 

1 txtx 


1 5 


1 +x 2 +x 5 


6 


1 + x + x e 


7 


1 +T? + X 7 


7 


1 + x 2 + x*+ x 4 + x i + x 6 + x 7 



If two errors occur, then the correction algorithm will introduce a third error. One way to 
guard against this is to be capable of detecting odd numbers of errors. This may be 
accomplished, for example, by multiplying the generator polynomial developed hereabove by the 
value (1+x), This increases the number of bit verifications by one unit so that the maximum 
number of information elements of the reduced header field must simultaneously be reduced by 
one unit to maintain compliance with the Abramson Code Theory, known to those in this art. 
The Hamming Rule then becomes the following: 2 r - r - m + 2, this formula being hereinafter 
called the modified Hamming Rule. 

To the extent possible, the generator polynomials of the Header Error Check field 255 
must correspond to the number of information bits of the reduced header field. 
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EXAMPLE EH 



Particular Modes of Implementation of Various Header Sizes with 
Associated Generator Polynomials which Meet the Modified Hamming Rule 



The following table maps various header sizes to a given maximum size of the header 
information field and an associated size for the HEC field 255, together with a sample generator 
polynomial according to the modified Hamming Rule introduced in Example II above. 



Number of bits in the 

| field 255 enabling the 
protection of 
information elements 
whose size is smaller 
than or equal to "m", 
corresponding to "r" in 
the modified Hamming 
Rule (see Example II) 


4 


5 


6 


7 


8 


S 


Example of generator 
polynomial (l+x)+H(x) 


l+x 2 + 
x 3 +x 4 


l+x*+ 
x 4 +x 5 


1+x + x* 
+ x 3 +x* 
+ x« 


l+x 2 + 

X 6 +X 7 


1 +x + x 3 
+ x 4 +x 7 
+x* 


1 + x + x 1 
+ x 8 
(ATM 
protocol) 


Bit size of the header 
equal to "m"+ V 


7 


15 


31 


63 


127 


127 


Maximum bit size of 
the header information 

field corresponding to 
"m" in the modified 
Hamming Rule (see 
Example K) 


3 


10 


25 


56 


119 


119 
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WHAT IS CLAIMED IS: 

1 , A method for transmission of a stream of data between two communications devices of a 
transmission system, the data being segmented into packets prior to transmission thereof, each of 
the packets comprising a header of a given size and a payload, the method comprising the steps 

of: 

(a) at a first of the two communications devices* reducing the given size of a selected 
number of said headers prior to said transmission of packets by eliminating a predetermined data 
element therefrom to thereby respectively form reduced headers; 
20 (b) transmitting each of said reduced headers from said first of the two 

communications devices to a second of the two communications devices; and 

(c) at said second of the two communications devices, restoring the given size of the 
selected number of said headers when each of said reduced headers so transmitted has been 
received by said second of the two communications devices by reconstituting each said 
predetermined data element. 

2. The method of transmission according to Claim 2, wherein each predetermined data 
element is ordinarily unutilized by the transmission system over a course of the transmission of 
packets from said first of the two communications devices to said second of the two 

20 communications devices. 

3. The method of transmission according to Claim 3, wherein the reconstituting of each said 
predetermined data element is accomplished by the insertion into the reduced header of a bit 
having a value of zero. 

4, The method of transmission according to Claim 3, wherein error verification of the 
transmitted packets is conducted only in relation to bits forming part of the reduced header. 

5 The method of transmission according to Claim 4, wherein the error verification is 
30 accomplished by encoding the reduced header with a header error check field. 
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6. The method of transmission according to Claim 5, wherein the error verification is 
computed by way of a Hamming code. 

7. The method of transmission according to Claim 6, wherein the selected number of 
headers constitutes all of the headers transmitted from said first of the two communications 
devices. 

8. The method of transmission according to Claim 6, wherein the packets are cells of a fixed 

10 length, 

9. The method of transmission according to Claim 8, wherein the cells are Asynchronous 
Transfer Mode (ATM) cells. 

10. The method of transmission according to Claim 9 3 wherein a plurality of said 
predetermined data elements is eliminated and the headers, prior to said eliminating of 
predetermined data elements therefrom, each comprises two multiplexing identifiers in the form 
of a complete Virtual Path Identifier (VPI) encoded on 8 bits and a complete Virtual Channel 
Identifier (VCI) encoded on 16 bits, and wherein the headers, after said eliminating of a 

20 predetermined data element therefrom, each comprises a reduced Virtual Path Identifier (VPI) 
encoded on 4 bits corresponding to 4 least significant bits of the complete Virtual Path Identifier 
(VPI) and each further comprises a Virtual Channel Identifier (VCI) encoded on 8 bits 
corresponding to S least significant bits of the complete Virtual Channel Identifier (VCI), and 
wherein the reconstituting of each predetermined data element includes adding respectively 4 
and 8 bits each having a value of zero to the reduced Virtual Path Identifier (VPI) and to the 
reduced Virtual Connection Identifier (VCI). 

1 1 . The method of transmission according to Claim 10, wherein the headers, prior to said 
eliminating of predetermined data elements therefrom, each comprises a 4-bit Generic Flow 

30 Control (GFC) field, the Generic Flow Control (GFC) field being eliminated to form said 
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reduced headers, and wherein the reconstituting of each predetermined data element includes 
adding 4 bits each having a value of zero to the reduced header. 

12. The method of transmission according to Claim II, wherein the header error check field 
of each header prior to said eliminating of predetermined data elements therefrom and of each 
reduced header is a Header Error Check (HEC) field according to the Asynchronous Transfer 
Mode (ATM) protocol and is encoded on 8 bits. 

13 . The method of transmission according to Claim 11, wherein the header error check field 
1 0 of each header prior to said eliminating of predetermined data elements therefrom and of each 

reduced header is a Header Error Check (HEC) field according to the Asynchronous Transfer 
Mode (ATM) protocol and in the case of the reduced headers is encoded on fewer than 8 bits. 

14. The method of transmission according to Claim 13, wherein the Header Error Check 
(HEC) field of the reduced headers is encoded on 5 bits. 

15. The method of transmission according to Claim 14 a wherein the selected number of 
headers to which the step of reducing is applied is determined on instructions received by the 
first of the two communications devices. 

20 

16. The method of transmission according to Claim 14, wherein the predetermined data 
elements are identified for elimination on instructions received by the first of the two 
communications devices. 

17. The method of transmission according to Claim 15, wherein the said instructions are 
furnished by the second of the two communications devices. 

18. The method of transmission according to Claim 16, wherein the said instructions are 
furnished by the second of the two communications devices. 

30 
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19. The method of transmission according to Claim 15, wherein the said instructions are 
furnished by a network management device. 

20. The method of transmission according to Claim 16, wherein the said instructions are 
furnished by a network management device. 

21 . In a signal representing a stream of data for transmission between two communications 
devices of a transmission system, the data being segmented into packets prior to transmission 
thereof; each of the packets comprising an originating header of a given size and a payload, the 

10 improvement characterized by a selected number of the packets comprising a transmission 
header of a reduced size when compared to the given size of the originating header, the reduced 
size being obtained by eliminating a predetermined data element from the originating header 
prior to transmission of the packets, and wherein the given size is restored to the transmission 
header by reconstituting each said predetermined data element following transmission of the 
packets. 

22. The improvement according to Claim 21, wherein each predetermined data element is 
ordinarily unutilized over a course of the transmission of the selected number of the packets. 

20 23 . An apparatus for transmission of a stream of data to a communications device of a 

transmission system, the data being segmented into packets prior to transmission thereof, each of 
the packets comprising a header of a given size and a payload, the apparatus comprising a 
processor which reduces the given size of a selected number of said headers prior to said 
transmission of packets by eliminating a predetermined data element therefrom to thereby 
respectively form reduced headers, and wherein the given size is restored to the reduced headers 
when same are received by the communications device by reconstituting each said data element, 

24. An apparatus for reception of a stream of data transmitted by a communications device of 
a transmission system, the data being segmented into packets prior to transmission thereof, each 
30 of the packets comprising a header of a given size and a payload, the given size of a selected 
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number of said headers having been reduced by the communications device prior to said 
transmission of packets by eliminating a predetermined data element therefrom to thereby form 
reduced headers, the apparatus comprising a processor which restores the given size of the 
selected number of said headers when each of said reduced headers so transmitted has been 
received by the apparatus by reconstituting each said predetermined data element. 
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ABSTRACT 



Disclosed is a method for the transmission of data organized as cells. Each of the cells 
comprises a header and a payload. The method comprises a step for the reduction of the size of 
at least certain of the headers, for transmission between two communications devices of a 
network, to form headers that are reduced in size by the elimination of predetermined data 
elements. At least one of the communications devices reconstruct the headers to their original 
size from the reduced headers. The invention also relates to a reduced cell, and to a 
communications system and a corresponding network terminal device which perform the method 
of header reduction and header reconstruction, 
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X 





I hereby claim the benefit under Title 35, United States Code, §120 of any United States application^) 
listed below and, Insofar as the subject matter of each of the claims of this application is not disclosed In 
the prior United States application in the manner provided by the first paragraph of Title 35, United States 
Code, §112,1 acknowledge the duty to disclose material information as defined in Title 37, Code of Federal 
Regulations, 1.55(a) which occurred between the filing date of the prior application and the national or PCT 
international filing date of this application. 



Application Number 



Dat« Of Filing 



Status — Patented, Pending or Abandoned 





PULL NAME 
OF INVENTOR 


FIRST Name: 


Dominique 




Middle InRlaK*} 


LAST Name: NORMAND 




RESIDENCE a 
CITIZENSHIP 


City: Bruz 




State or Foreign Country: 
France 


Country of Citizenship: Frai 


we 




POST OFFICE ADDRESS: 

3, square dea aaudraia 


City: 
Bruz 


State or Country: 
France 


Zip Code: 
35170 




FULL NAME 
OF INVENTOR 


FIRST Name: 


Marc 




Middle lnifcii(fi) 




LAST Name: AKIDft£ 




g 


RESIDENCE $ 
CITIZENSHIP 


City: 

CftSEon Sevign* 


State or Foreign Country; 
France 


Country of CHtaenehfp: France 




POST OFFICE ADDRESS: 

101, rue duRAage 




City: 

Cesson Sevlgne 


State or Country: 
France 


Zip Code: 




FULL NAME OF 
INVENTOR 


FIRST Nar 


re: 


Dldier 




Middle initial) 


LAST Name: MALOREY 


g 


RESIDENCE & 
CITIZENSHIP 


City: 

Chevalgne 




State or Foreign Country: 
France 


Country of Citizenship: France 




POST OFFICE ADDRESS: 
Le CEos Robert 


City: 

Chevalgn6 


State or Country: 
France 


Zip Code: 
35250 




FULL NAME 
OF INVENTOR 


FIRST Name: 


Eaabd 




Middle Initial® 


LAST Name: AMBROSIO 


i 


RESIDENCES 
CITIZENSHIP 


City: 

Chantepie 




State or Foreign Country: 
France 


Country of Citizenship: France 


> 


POST OFFICE ADDRESS; 

6, aitta ds& GKeret 


City: 

ChantepJe 


State or Country: 
France 


Zip Code: 
35135 



I further declare that alf statements made herein of my own knowledge are true and that all statements 
made on information and belief are believed to be true; and further that these statements were made with 
the knowledge that willful false statements and the like so made are punishable byline or imprisonment, 
or both, under section 1001 of Title 18 of the United States Code, and that such willful false statements 
may jeopardize the validity of the application or any patent issuing thereon. 



Signature of Inventor 
201 



Signature of Inventor 
203 



Date 



Signature of inventor 
202 



Date 



Signature of Inventor 
204 



Date 



Signatures should conform to names as presented at 201 etseq. above. 



